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The Great Transformation 

The current land surface little resembles what 
existed 10,000 or even only 3,000 years ago 

Human Quest 

• Fire for ecosystem 

management 

• Grazing 

• Deforestation 

Building material, and 
Fuel for heating, 
cooking, salt production, 
metal smelting 

• Agriculture 

• Urbanization 


for Food, Fiber, and Fuel 
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% of Land Area 
Transformed for Agriculture 
(Negligible) 


World Population 
6 -10 Million 
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43% of Land Area 
Dominated by Agriculture 


World Population 
6.5 Billion 
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% of Land Area 
Built-up 
3 - 6 % 


World Population 
6.5 Billion 


Urbanization : 

One phenomenon, many processes 


* Urban population, per capita consumption, and land 
transformation are all increasing simultaneously. 

* How will we - as a species - deal with our own success? 

* Can we recognize our impact on the environment and learn from 
it? 

* Can we act in the general best interest? 

* Will we use the incredible tools we have to address challenges 
before us? 
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Thomas Malthus, a 19th Century economist, 

postulated that since human populations 
ipcrease^eometric^Uy and food supplies 
grow aifithmeticalf$ human popufations 
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Will Humans Overwhelm the Earth? The Debate Continues 


By MALCOLM W. BROWNE 

PHILADELPHIA. Dec. 4 - Two 
hundred years ago ihe Rev. Thomas 
Robert Mallhus, an English econo- 
mist and maihe matician, anony- 
mously published an essay predict- 
ing that the world's burgeoning hu- 
man population would overwhelm 
the Earth's capacity lo sustain It. 

Malthus's gloomy forecast, called 
"An Essay on the Principle of Popu- 
lation As it Affects the Future Im- 
provement of Society,” was con- 
demned by Karl Marx. Friedrich 
Engels and many other theorists, 
and it was still striking sparks Iasi 
week at a meeting in Philadelphia of 
the American Anthropological Soci- 
ety. Despite continuing controversy, 
it was clear that Malthus's conjec- 
tures are far from dead. 

Among the scores of special con- 
ferences organized for the 5,000 par- 
ticipating anthropologists, many 
touched directly or indirectly on the 
Malthusian dilemma: Although glob- 
al food Supplies increase arithmeti- 
cally, ihe population increases geo- 
metrically — a vastly faster rate. 
The consequence, Mallhus believed, 
was that poverty and the misery It 
Imposes will inevitably increase un- 
less the population Increase is 
curbed 

This contention has prompted end- 
less debate. Malthus's critics, espe- 
cially the Utopians of his time, have 
argued that man's ingenuity will al- 
ways keep pare with population 
growth by finding improved ways to 
produce food. 

Recent assaults on Malthusian 
pessimism have cited the success of 
the "Green Revolution" launched in 
the IBM's and IBM's by Dr. Norman 
Borlaug and his associates In devel- 
oping high-yield strains of rice and 
wheat. 

But ihe scientific descendants of 
Matthus argue that feeding the 
world's masses is only part of the 
problem Jusi as dangerous, ihey 


REMEMBER THE NEEDIESTI 


contend, is Ihe omnivorous consump- 
tion of non renewable resources, the 
Irreversible destruction of habitats 
and species, the fouling of the air and 
seas and consequent changes in cli- 
mate, and many other effects of the 
growing human horde. 

One of the symposiums held at last 
week’s meeting was so controversial 
that a conference with Ihe same title 
had been banned from the 1*9-4 meet- 
ing of the American Association for 
Ihe Advancement of Science an the 
grounds (according to its organizer, 
Dr Warren M Hem, a Colorado phy- 
sician and epidemiologist) that "You 


The Gaia idea, the brainchild of an 
English theorist, Dr. James E. Love- 
lock. and Dr. Margulls. who is a 
microbiologist, is that the entire 
Earth deploys feedback mechanisms 
to maintain an environment hospita- 
ble to life. In this it resembles a 
gigantic living organism, proponents 
of the Idea believe. 

Life on Earth has survived many 


created by humanity — but with re- 


Feeding the masses is 
just part of the 
problem, some say. 


"For millions of years the Earth 
got along without human beings," 
she said, "and it will do so again. The 
only question is the nature of the 
human demise that has already be- 



The Rev. Thomas Robert Mai thus 


from 1.9 lo 2.1 percent, largely be- 
Cause of Hispanic immigration 

All the speakers at the symposium 
had expected rigorous criticism 
from the audience of anthropologists, 
but were surprised to encounter few 
strongly negative comments. 

"Arguments over the accuracy of 
Malthus's views, future population 
trends and the Earth’s carrying ca- 
pacity are never-ending and never 
resolved." one Speaker said. “Many 
people prefer to just forget about the 
big questions involved, and gel on 
with their lives." 

At another symposium held at last 
week's meeting participants were 
asked to address the question "Was 
Malthus Right?" None of the panel- 
ists called Malthus's assessment of 
the grim Consequences of overpopu- 
lation wrong, although same argued 
that he had some details wrong 

"Most biologists would say that 
Darwin's work was mostly correct 


1998-1999 

"Malthus might be right" 


may not ask that question. 

The question, posed as tl 
the symposium, was this: 
Human Species a Cancel 
Planet?" 

Dr. Hern, the director of 
tion clinic in Boulder, Colo 
nearly a decade ago that a 
satellite views of urban c« 
en over a period of year 
striking similarity to Imagi 
cerous tissue (particularly 
ma) invading the healthy ! 
ing tissue. 

In his presentation last i 
Hern argued that in many 
the world the increase ii 
numbers is rapid and una 
that it Invades snd destroys 
and ihe i by killing off man; 


This assessment was a; 
by another member of the p 
Lynn Margulis of the 
Massachusetts, Bosh 


Time Magazine 

WILL 


, Nov, 1999 



2002-2004 

"Malthus is wrong" 

2005 

"Malthus might not be 
wrong - but we don't want 
to know" 
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ill Malthus Continue to Be Wrong? 

Erik Stokstad 







In the 200 years for which we 
have reliable data, overall 
growth of consumption has 
outpaced increased 
efficiencies in production 
processes. 

Economic growth tends to 
increase consumption and the 
projected growth in the next 
45 years is 200 - 400%. 
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Health Synthesis 


MILLENNIUM ECOSYSTEM ASSESSMENT 


Demand for food is projected to 
grow by 70-80% and water by 
30-85%. 

Food security is not achieved 
under any of the MA scenarios 
by 2050. 

2007 Commodity Price Index 


The Economist commodity- price index 

2000=100 

% change on 


Nov 20th 

Nov 27th* 

one 

month 

one 

year 

Dollar index 
All items 

210,3 

212.2 

-1.3 

+14.4 

Food 

Industrials 

197.8 

201,8 

+3.8 

+3_0.8 

All 

226,5 

225.6 

-6.5 

-0.2 

Nfat 

176,1 

176.1 

+1.2 

+30.5 

Metals 

254,6 

252,6 

-9.1 

-S.3 

Sterling index 
All items 

154,5 

155.4 

-1.4 

+7.6 

Euro index 
Allitems 

131,6 

132.0 

-4.2 

+1.2 

Gold 





S peroz 

793,25 

&12.75 

+3.6 

+27.8 

Iwest Texas Intermediate 




$ per barrel 

99.07 

94.42 

+4.9 

+55.2 

* Provisional t Non-food agriculturals. 




Closing the Earth System: 
We‘ve Come A Long Way 



Blue Marble 

EOS Terra/ Aqua 2000 - 


Apollo 17 

bee. 7, 1972, 45,000 km from Earth, 
70mm Hasselblad, 80mm lens 


TIROS 

April 1, 1960 
700 km Altitude 


World Community - Earth Observation satellite datasets 

land, ocean, sea -ice, clouds, urban lights, topography 


Credits: Reto Stockli, Rob Simmon and MODIS science team 




EOS Satellite Fleet 


UARf 


QuikSCAT 

* 


* Jason-1 
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Local to Regional Scale: 
Multispectral View of San Francisco 


TM Band Wavelength 

6 10 . 4 - 12.5 

7 2.08 - 2.35 

5 1 . 55 - 1.75 

4 0.76 - 0.90 

3 0 . 63 - 0.69 

2 0.52 - 0.60 

1 0,45 - 0,52 


(i/m) 



Thermal infrared 

Shortwave Infrared 

Shortwave Infrared 

Near Infrared 
Red 
Green 
Blue 



Nighttime Lights of the World 

iHMSP Global Composite Oct 1994 - Marcl 1§95 
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Global Scale Urban Assessment: 

Defense Meteorological Satellite 

Operational Linescan System (OLS) 



Relationship between urbanization and 
energy production, use, and carbon emissions 
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* 833 km, sun -synchronous, near 
circular, polar orbit. 

* Nighttime data (PMT) * v 

- 0.47 - 0.95 um 

- 10 5 to 10 9 Watts per cm 2 per 
sterradian. 

* Pixel resolution: 

- 2.7 km at low resolution(smooth 
mode). 
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Billions of Kilowatt Hours 
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Millions of Metric Tons of Carbon 


Elvidge et al. ISPRS, 2001 






Urbanization and 
Productivity 


Landcover change, 
consumption, and food 
and fiber production 



Earth's "Bio -Engine" 

Net Primary Production (NPP) 

NPP is the amount plant material produced on Earth. 

It is the primary fuel for Earth's food web. 

Represents all available food and fiber. 

NPP can be measured in terms of Carbon 

(photosynthesis - COZ exchange between atmosphere and 
biosphere (global climate change). 

Land use strongly impacts NPP 

Humans require almost 20% of Earth's NPP capacity on land 

NPP is the "Common Currency" for Climate Change, 
Ecological, & Economic Assessment. 




Earth’s Breath of Life 

Global Biological Productivity Land and Ocean 

MODIS (Terra and Aqua Satellites) 


2001 2002 
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Urbanization and NPP: 
US Examples 





Urban,, Peri-urban, Non-url 


AVHRR/MODIS 

Monthly NPP (g Cm 2 ) 


Satellite Observations 


NPP and Local Climate: 

Urban Heating Extends 
Length of growing season 

limates. 


locally i 

North . R 


cold 


South West 


South East 
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In semi-arid regions cities 
enhance NPP relative to 
surrounding areas 


Winter NPP 
gain negated 
in peak 
season by 
reduced 
vegetation 
and heat 
stress. 


Seasonal Offset 
diminishes in 
tropics 


Imhoffetal., RSE, 89, 2004 




of Soli Fertility Limiting Factors 


CHINA 

Percent of Soils (UN/FAO) Covered by Lights 
Grouped by Number of FCC Limiting Factors 
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Number of Factors Limiting Agriculture 










Human Consumption of NPP: 
Can the Earth Keep Up? 

NPP Carbon Balance (annual) 


AVHRR (1982-1998) 
CASA (land) 


EARTH SYSTEM SCI EN' 

INTERDISCIPLINARY 
* CENTER 




UN/FAO ♦ Models 


Required (Demand) 


NPP 


11 


Pg 
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NPP Demand as % of Supply 



Global NPP Demand is 20% of Total Supply (land) 
There are large regional and local variations 



Imhoff et al.. Nature, vol. 429, June 24, 2004. 




How HANPP Changes as a Function of: 
Population, Affluence, and Technology 

I = PAT 

•The ecological impact [ I ] of human activities involves population 
size [ P ], consumption levels [ A, for "affluence"], and the 
technologies employed [ T ] (Holdren and Ehrlich, 1976). 


Scenario 

p* 

A** 

J*** 

HANPP (PgC) 

1 

t 

— 

— 

17.42 31% 

2 

— 

t 

— 

20.19 36% 

3 

— 

t 

t 

16.26 □ 29% 

4 

t 

t 

— 

31.59 56% 

5 

t 

t 

t 

25.5 □ 45% 


T(increase), - (no change from the baseline 1995 intermediate estimate). 

* Population increase from 5.69 Billion (global population in 1995) to 8.92 Billion (estimated global population in 
2050; Ref 18). 

** Affluence increase applies average per capita consumption of industrialized countries (in 1995) for all countries. 
*** Technology increase applies technological efficiencies of industrialized countries (in 1995) to all countries, 
f Per capita fuel wood use in developing countries reduced to average for industrialized countries in 1995. 






Contusions 


EARTH SYSTEM SCI ENG 
#' INTERDISCIPLINARY 
CEN'i :: 



The placement, structure, and style of development of urban places 
impact biological resources (food and fiber production), hydrology, and 
the thermal environment. 

Earth's production capacity in the form of NPP-Corbon is o useful 
'common currency' for environmental and economic assessment. 


4s urbanization increases so does consumption. Human NPP-C Demand is 
between 10% and 20% of planetary supply with large regional and local 
variation. 

Technology, affluence, and population can interact in surprising ways. 

Green technologies can reduce energy consumption, heat, and aerosol 
pollution to create livable cities. 

Conservation does work to ameliorate impacts. 
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